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[Title of the Invention] METHOD OF MANUFACTURING LIQUID

CRYSTAL DISPLAY DEVICE

[Abstract]

[Object] To provide a liquid crystal display device

manufacturing method capable of preventing short wavelength

ultraviolet rays from being irradiated to orientation films

and liquid crystal when curing sealing material without

adding a complicated process and capable of manufacturing a

liquid crystal display device in which the optical

degradation of the liquid crystal and the orientation films

is suppressed to the minimum and which is excellent in a

display performance in a method of manufacturing a liquid

crystal display device using ultraviolet ray curing resin as

a sealing material.

[Solving Means] Band-pass filters 23a thinner than color

filters 23 are formed on the surface of the substrate 20

having the color filters 23 formed thereon to surround

outsides of display areas. These band-pass filters 23a are

simultaneously formed by the same material (resist) as a

blue color filter. Thereafter, a substrate 10 and the

substrate 20 are adhered by a sealing material 18 and light

shielding masks 27 covering the display areas are arranged

on the substrate 20 and then the sealing material 18 is

cured by irradiating ultraviolet rays.
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[Claims]

[Claim 1] A method of manufacturing a liquid crystal

display device comprising:

a band-pass filter for cutting ultraviolet rays on the

outside of a display region of one of a pair of transparent

substrates;

adhering the pair of the transparent substrates to each

other by a sealing material which is coated along the outer

periphery of the band-pass filter along the outer periphery

of the band-pass filter, so that the surface having the

band-pass filter formed thereon becomes the inner surface;

and

forming a light shielding mask for covering the display

region on the outside of one substrate and irradiating

ultraviolet rays from one substrate to cure the sealing

material.

[Claim 2] The method according to Claim 1, further

comprising a blue color filter on the display region of one

substrate,

wherein the band-pass filter is formed of as the same

material as the blue color filter.

[Claim 3] The method according to Claim 2, wherein the

band-pass filter is thinner than the blue color filter.

[Claim 4] A method of manufacturing a liquid crystal
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display device comprising:

forming a plurality of pixel electrodes and a black

matrix for covering regions between the pixel electrodes on

one of a pair of transparent substrates;

a band-pass filter for cutting ultraviolet rays on the

outside of the other substrate;

adhering the pair of the transparent substrates to each

other by a sealing material which is coated along the outer

periphery of the band-pass filter, so that the surface

having the band-pass filter formed thereon and the surface

having the pixel electrodes formed thereon become the inner

surfaces; and

forming a light shielding mask for covering the display

region on the outside of the other substrate and irradiating

ultraviolet rays from the other substrate to cure the

sealing material,

[Claim 5] The method according to Claim 4, wherein liquid

crystal is filled between the pair of the substrates by a

dropping injection method.

[Detailed Description of the Invention]

[0001]

[Technical Field of the Invention]

The present invention relates to a method of

manufacturing a liquid crystal display device in which

liquid crystal is filled between a pair of substrates, and
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more particularly, a method of manufacturing a liquid

crystal display device using ultraviolet ray curing resin as

a sealing material for adhering a pair of substrates.

[0002]

[Description of the Related Art]

A liquid crystal display device has been widely used in

various electronic equipments, because it is thin and can be

driven with a low voltage, that is, has low power

consumption. Particularly, recently, an active matrix

liquid crystal display device in which an active element

such as a TFT (thin film transistor) is provided in each

pixel has the same display quality as a CRT (cathode-ray

tube) and thus has been used in a display such as a portable

TV or a personal computer.

[0003]

Generally, the liquid crystal display device has the

structure that liquid crystal is filled between two

transparent substrates. Of two surfaces (opposite surfaces)

of the transparent substrates opposite to each other, one

surface is formed with an opposite electrode, color filters,

and an orientation film and the other surface is formed an

active matrix circuit, pixel electrodes, and an orientation

film. Also, the surfaces opposite to the opposite surfaces

of the transparent substrate are formed with polarization

plates, respectively. If the polarization axes of two
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polarization plates are perpendicular to each other, the

polarization plates transmit light the polarization plates

if electric field is not applied and the polarization plates

shield light if electric field is applied, that is, it

becomes a normally-white mode. Also, if the polarization

axes of the two polarization plates are parallel with each

other, it becomes a normally-black mode.

[0004]

Generally, in a process of manufacturing a liquid

crystal display device, ultraviolet ray curing resin is used

as a sealing material for adhering a substrate on which an

opposite electrode, color filters, and an orientation film

are formed (hereinafter, referred to as CF substrate) and a

substrate on which an active matrix circuit, pixel

electrodes, and an orientation film are formed (hereinafter,

referred to as TFT substrate). Fig. 10(a) is a cross-

sectional view of a conventional liquid crystal display

device, and Fig. 10(b) is an enlarged view illustrating the

vicinity of a substrate adhering part in detail. In Fig.

10(a), an opposite electrode 64 and orientation films 54 and

65 are not shown.

[0005]

A TFT substrate 50 includes a glass substrate 51, a

plurality of pixel electrodes 52 which are arranged on one

surface of the glass substrate 51 in a matrix, TFTs (not



H10-221700.doc - 6 -

shown) connected to the pixel electrodes 52, and an

orientation film 54 for covering the pixel electrodes 52 and

the TFTs. Also, a CF substrate 60 includes a glass

substrate 61, a black matrix 62 which is provided on one

surface of the glass, substrate 61 and has openings

corresponding to the pixel electrodes 52 of the TFT

substrate 50, color filters 63 which are provided in

correspondent with the openings and have any one of red (R)

,

green (G) , and blue (B) for each opening, an opposite

electrode 64 for covering the front surface on the black

matrix 62 and the color filters 63, and an orientation film

65 for covering the opposite electrode 64. Also, the pixel

electrodes 52 and the opposite electrode 64 are made of

transparent ITO (indium tin oxide) films.

[0006]

When adhering the TFT substrate 50 and the CF substrate

60, a sealing material (ultraviolet ray curing resin) 58 is

coated in a frame shape to enclose a display region of the

CF substrate 60. At this time, as a liquid crystal

injecting port for injecting liquid crystal between the

substrates, a portion in which the resin is not coated is

formed.

[0007]

Next, spacers 57 are scattered between the substrates

50 and 60 and the TFT substrate 50 and the CF substrate 60
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are faced each other and adhered by the sealing material 58.

Next, a light shielding mask 67 for covering the display

region is formed on the CF substrate 60 and ultraviolet ray

are irradiated from the side of the CF substrate 60 to cure

the sealing material 58, thereby forming a liquid crystal

panel (empty panel) obtained by adhering the TFT substrate

50 and the CF substrate 60. At this time, the light

shielding mask 67 prevents the ultraviolet rays from being

irradiated to the orientation films 54 and 65.

[0008].

Next, the light shielding mask 67 is separated and the

liquid crystal panel is introduced into a vacuum chamber.

The vacuum chamber is vacuumized, the liquid crystal

injecting port is immersed in the liquid crystal contained

in the container and the atmosphere of the chamber is

returned to atmospheric pressure. Thereby, the liquid

crystal is filled in the panel by the pressure difference.

Thereafter, ultraviolet ray curing resin is filled in the

liquid crystal injecting port as the sealing material.

Thereby, the liquid crystal display device is formed.

[0009]

However, if the ultraviolet rays are irradiated to the

liquid crystal or the orientation films 54 and 65, the

liquid crystal or the orientation films 54 and 65 is

deteriorated and sintering or irregular display is generated,
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thereby deteriorating the display performance. Thereby, as

mentioned above, the light shielding mask 67 is provided on

the outer surface of the CF substrate 60 to prevent the

ultraviolet ray from being irradiated to the liquid crystal

or the orientation films 54 and 65 when curing the

ultraviolet ray curing resin.

[0010]

Also, a technology of cutting visible ray or

ultraviolet rays having a wavelength of 450 nm or less by a

metal oxide film is disclosed in Japanese Unexamined Patent

Application Publication No. 52-73757. Further, a technology

of adding an ultraviolet ray absorbing material to the

liquid crystal to prevent the liquid crystal from being

deteriorated or altered is disclosed in Japanese Unexamined

Patent Application Publication No. 8-176549, and a

technology of using visible ray curing resin instead of

ultraviolet ray curing resin is disclosed in Japanese

Unexamined Patent Application Publication No. 5-150223.

[0011]

[Problems to be Solved by the Invention]

However, in the above-mentioned conventional technology,

as shown in Fig. 11, the liquid crystal or the orientation

films 54 and 65 is deteriorated by the ultraviolet rays

which are returned from the periphery of the light shielding

mask 67. For example, even in case of the ultraviolet rays
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are irradiated to a peripheral portion of the orientation

films 54 and 65, impurities in the liquid crystal is apt to

be adhered to the orientation films 54 and 65. Accordingly,

if the liquid crystal display device is used for a long time,

the impurities are diffused from the end of the orientation

films 54 and 65 to the pixel electrode and the sintering or

the irregular color may be generated.

[0012]

Further, in the technology disclosed in Japanese

Unexamined Patent Application Publication No. 52-73757, a

high temperature (500 ~ 600 °C) is required in case of

forming the metal oxide film, and an etching process is

significantly troublesome in case of forming a thin film

only on a specific region as in the present invention. In

the technology disclosed in Japanese Unexamined Patent

Application Publication No. 8-176549, electric

characteristics of the liquid crystal are changed by the

ultraviolet ray absorbing material added to the liquid

crystal. Also, the liquid crystal is colored or

deteriorated by adding the ultraviolet ray absorbing

material

.

[0013]

In the technology disclosed in Japanese Unexamined

Patent Application Publication No. 5-150223, since the

strength of the visible ray curing resin is deteriorated
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compared with the ultraviolet ray curing resin, the usage

thereof is limited and the visible ray curing resin can not

be used as the sealing material in a portion which requires

high strength. In a liquid crystal display device using the

ultraviolet ray curing resin in a main seal and a sealing

material, ultraviolet rays required for curing the resin are

irradiated and a band-pass filter function which transmits a

specific wavelength of the ultraviolet rays required for

curing the resin or cutting the other wavelength of the

ultraviolet rays in order to prevent the liquid crystal of

the resin boundary from being deteriorated is needed, not

the ultraviolet ray cut filter or the absorbing material.

Also, it must be easily formed on a specific region on the

panel substrate.

[0014]

[Means for Solving the Problems]

In order to solve the above-mentioned problems, there

is provided a method of manufacturing a liquid crystal

display device comprising: a band-pass filter for cutting

ultraviolet rays on the outside of a display region of one

of a pair of transparent substrates; adhering the pair of

the transparent substrates to each other by a sealing

material which is coated along the outer periphery of the

band-pass filter along the outer periphery of the band-pass

filter, so that the surface having the band-pass filter
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formed thereon becomes the inner surface; and forming a

light shielding mask for covering the display region on the

outside of one substrate and irradiating ultraviolet rays

from one substrate to cure the sealing material.

[0015]

In this case, it is preferable that the band-pass

filter is formed of as the same material as the blue color

filter. Also, there is provided a method of manufacturing a

liquid crystal display device comprising: forming a

plurality of pixel electrodes and a black matrix for

covering regions between the pixel electrodes on one of a

pair of transparent substrates; a band-pass filter for

cutting ultraviolet rays on the outside of the other

substrate; adhering the pair of the transparent substrates

to each other by a sealing material which is coated along

the outer periphery of the band-pass filter, so that the

surface having the band-pass filter formed thereon and the

surface having the pixel electrodes formed thereon become

the inner surfaces; and forming a light shielding mask for

covering the display region on the outside of the other

substrate and irradiating ultraviolet rays from the other

substrate to cure the sealing material.

[0016]

Hereinafter, the operation of the present invention

will be described. In the present invention, a band-pass
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filter is formed on the outside of a display region of one

transparent substrate. Accordingly, although the

ultraviolet rays returned from the periphery of a light

shielding mask to the liquid crystal or the orientation film,

the injurious ultraviolet rays having a short wavelength is

cut by the band-pass filter and the light deterioration of

the liquid crystal and the orientation film is suppressed to

a minimum.

[0017]

In case of a color liquid crystal display device, the

band-pass filter can be simultaneously formed of the same

material as, for example, a blue color filter. The blue

color filter which is generally used transmits the light

having a wavelength (about 330 - 380 nm) which reacts to

general ultraviolet ray curing resin and hardly transmits

the light having a wavelength (250 - 330 nm) shorter than

the reacting wavelength. Accordingly, the blue color filer

is suitable for the band-pass filter of the present

invention. Also, by forming the band-pass filter using the

same material as the color filter, the number of the

manufacturing processes can be prevented from being

increased

.

[0018]

In this case, generally, the blue color filter is

formed with a thickness of 1.0 ~ 2.5 so as to ensure the
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color purity. However, if the thickness of the band-pass

filter is equal to that of the color filter, it is difficult

to irradiate the sufficient ultraviolet rays to the sealing

material below the band-pass filter. Accordingly, it is

preferable that the thickness of the band-pass filter is

smaller than that of the color filter when forming the band-

pass filter using the same material as the blue color filter.

[0019]

Furthermore, in case of a BM ON TFT type liquid crystal

display device in which pixel electrodes, TFTs, and a black

matrix are one transparent substrate and a color filter is

formed on the other substrate, the band-pass filter of the

other transparent substrate is arranged at the inside of the

periphery of the black matrix. Thereby, the substrate size

can be reduced without changing the size the display region.

At this time, by using a dropping injection method which

drops liquid crystal to the substrate and then filling the

liquid crystal between the substrate, the manufacturing time

is remarkably shortened.

[0020]

[Description of the Embodiments]

Hereinafter, the embodiments of the present invention

will be described with reference to the attached drawings.

(First Embodiment)

Fig. 1(a) is a cross-sectional view illustrating a
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method of manufacturing a liquid crystal display device

according to a first embodiment of the present invention,

and Fig. 1(b) is an enlarged view illustrating the vicinity

of a substrate adhering part in detail. In Fig. 1(b), an

opposite electrode 24 and orientation films 13 and 25 are

not shown.

[0021]

A TFT substrate 10 is formed by the conventional method.

That is, TFTs (not shown) and pixel electrodes 12 are formed

on a glass substrate 11, and an orientation film 13 is

formed on the TFTs and the pixel electrodes 12. Further,

the surface of the orientation film 13 is subjected to a

rubbing process. On the other hand, a CF substrate 20 is

formed by the below-mentioned method. That is, first, a

black matrix 22 in which portions corresponding to the pixel

electrodes 12 are opened is formed on a glass substrate 21.

Also, color filters 23 of red (R) , green (G) , and blue (B)

are formed at locations corresponding to the pixel

electrodes 12 on the glass substrate 21 with a thickness of

about 1.0 - 2.5 and a band-pass filter 23a for covering

from the periphery of the black matrix 22 to the outer

region thereof is formed. This band-pass filter 23a is made

of the same material as the blue color filter and is formed

with a thickness of about 0.6 pm by adjusting the expose

amount. Thereafter, an opposite electrode 24 consisting of
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ITO is formed on the entire surface of the substrate 21 and

an orientation film 25 is formed on the opposite electrode

24. Also, the surface of the orientation film 25 is

subjected to a rubbing process.

[0022]

Next, a sealing material 18 is coated in a frame shape

with a width of about 1 mm along the periphery of the band-

pass filter 23a of the CF substrate 20. At this time, a

portion in which the sealing material 18 is not coated is

provided as a liquid crystal injecting port for injecting

liquid crystal in a post-process. Spherical spacers 17 are

scattered between the TFT substrate 10 and the CF substrate

20 and the both substrate 10 and 20 are opposite to each

other so that the surfaces having the orientation films 13

and 25 formed thereon become inner surfaces, and are adhered

to each other by the sealing material 16.

[0023]

Next, a light shielding mask (light shielding metal

film) 27 for covering a display region is provided on an

outer surface of the CF substrate 20 and ultraviolet rays

are irradiated from the side of the CF substrate 20 to cure

the sealing material 18. Thereby, two substrates 10 and 20

are adhered to each other to form a liquid crystal panel

(empty panel) . In this case, the ultraviolet rays having a

short wavelength which is returned from the end of the light
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shielding mask 27 is cut by the band-pass filter 23a and the

light deterioration of the orientation films 13 and 25 are

suppressed to a minimum.

[0024]

Thereafter, the liquid crystal panel is introduced into

a vacuum chamber and the chamber is vacuumized. The liquid

crystal injecting port is immersed in the liquid crystal and

then the atmosphere of the chamber is returned to the

atmospheric pressure. Thereby, the liquid crystal is filled

in the panel by the difference between the pressure of the

panel and the atmospheric pressure. Next, ultraviolet ray

curing resin is filled in the liquid crystal injecting port

as the sealing material, the light shielding mask 27 is

provided on the outer side of the CF substrate 20, and then

ultraviolet ray are irradiated to the sealing material to

cure the sealing material. Thereby, the liquid crystal

display device is manufactured.

[0025]

Fig. 2 illustrates a bright-line spectrum of a mercury

short arc lamp used for curing the sealing material. In Fig.

2, a horizontal axis represents a wavelength and a vertical

axis represents a relative strength. The ultraviolet ray

curing resin is mainly cured by light having a wavelength of

330 ~ 380 nm and the deterioration of the liquid crystal and

the orientation film is generated by light of a wavelength
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(wavelength band shown by A in Figure) shorter than the

above-mentioned wavelength. Figs. 3 and 4 illustrate light

transmission characteristics of a glass (non-alkali glass)

substrate. In these figures, a horizontal axis represents a

wavelength and a vertical axis represents transmission.

Also, Fig. 3 illustrates light transmission characteristic

of only a glass substrate and Fig. 4 illustrates light

transmission characteristics of a glass substrate having an

ITO film formed thereon. As shown in Fig. 3, the glass

substrate without the ITO film transmits the light having a

wavelength greater than about 250 nm, and, as shown in Fig.

4, the glass substrate having the ITO film transmits the

light having a wavelength greater than about 280 nm. That

is, the glass substrate having the ITO film cuts the light a

wavelength less than 280 nm by 100 percent.

[0026]

Fig. 5 illustrates light transmission characteristics

of a blue color filter. In Fig. 5, a horizontal axis

represents a wavelength and a vertical axis represents light

transmission characteristics of the blue color filter. This

color filter is formed by a pigment distributing method and

the thickness of the filter is about 1.3 jam. As shown in

Fig. 5, the blue color filter transmits the light having a

wavelength of about 320 - 590 nm and best transmits the

light having a wavelength of about 4 60 nm. In case of using
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this color filter as the band-pass filter, the light having

a wavelength of 330 - 380 nm efficient for curing the

ultraviolet ray curing resin is transmitted much (shown by

oblique lines) and the light having a wavelength less than

about 330 nm which is the cause of the deterioration of the

liquid crystal and the orientation film is almost blocked.

From Fig. 5, the band-pass filter formed of the same

material as the blue color filter transmits well the light

having a wavelength required for curing the sealing material

and blocks the ultraviolet rays having a short wavelength

which is the cause of the deterioration of the liquid

crystal and the orientation film.

[0027]

In the present embodiment, although the ultraviolet

rays are returned from the end of the light shielding mask

when irradiating the ultraviolet rays, the ultraviolet rays

having a short wavelength which are injurious to the liquid

crystal and the orientation film is suppressed by the band-

pass filter 23a. Thereby, the light deterioration of the

liquid crystal and the orientation film is suppressed to a

minimum and thus the deterioration of the display quality is

avoided. Also, in the present embodiment, since the band-

pass filter 23a is simultaneously formed of the same

material as the blue color filter, the increment of the

process number is suppressed.
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[0028]

Hereinafter, the result of examining an optimal value

of the thickness of the band-pass filter will be described.

In the first embodiment, the band-pass filter is

simultaneously formed of the same material as the blue color

filter. So, a relationship between the film thickness of

the resist used for the color filter and the shielding

characteristics of the ultraviolet rays was examined.

Generally, in order to ensure color purity, the color filter

is formed with a thickness of 1.0 ~ 2.5 Jim.

[0029]

First, blue pigment is distributed to photosensitive

resist of negative acrylic resin (CB-2000: Hooji hunt) and

the resist is coated on a glass substrate by a roller coater.

The glass substrate is heated on a hot plate at a

temperature of 110 °C for 90 seconds and is precured, and is

subjected to exposing and developing processes. Thereafter,

the resist is cured by performing a heat treatment at a

temperature of 230 °C for 10 minutes to obtain a blue band-

pass filter.

[0030]

In this case, band-pass filters having various film

thicknesses were formed by adjusting exposure quantity of

the ultraviolet ray. Fig. 6 illustrates a relationship

between exposure quantity of ultraviolet rays and the film
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thickness of the band-pass filter. In Fig. 6, a horizontal

axis represents the exposure quantity of ultraviolet rays

and a vertical axis represents the film thickness of the

band-pass filter. As shown in Fig. 6, by adjusting the

exposure quantity of the ultraviolet rays, the band-pass

filter having a desired film thickness can be formed. Next,

using a spectroscope (LC-SP: Cannon), the spectrum

characteristics of the band-pass filters having a film

thicknesses of 0.3 |im, 0.6 jam, and 1 . 3 jum were examined.

Fig. 7 illustrates a relationship between a film thickness

of the band-pass filter and the light transmission. In Fig.

7, a horizontal axis represents the wavelength and a

vertical axis represents light transmission. As shown in

Fig. 7, if the film thickness of the band-pass filter is

small, the light transmission increases, and, if the film

thickness is excessively small, the light having a

wavelength which is the cause of the deterioration of the

liquid crystal or the orientation film is transmitted and

the performance of the band-pass filter is deteriorated. On

the other hand, if the thickness of the band-pass filter is

large, the light having a wavelength efficient for curing

the sealing material is blocked and the sealing material

below the band-pass filter can not be sufficiently cured.

In this embodiment, it is preferable that a color filter

having a thickness of about 0.6 |im is used as the band-pass
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filter which can transmit the light having a wavelength of

about 330 ~ 380 nm contributing for curing the ultraviolet

ray curing resin and cut the light having a short wavelength

which is injurious to the liquid crystal and the orientation

film. However, as shown in Fig. 5, the color filter having

a film thickness of 0.3 - 1.3 |im can be used as the band-

pass filter.

[0031]

Next, the result of examining the adhering strength of

the sealing material (ultraviolet ray curing resin) for the

band-pass filter formed by the above-mentioned method will

be described. First, the ultraviolet ray curing resin was

coated on the center of 15x50 mm two glass substrates in a

dot shape having a diameter of 3 mm, spherical spacers

having a diameter of about 5 \xm (SP-205: SEKISUI CHEMICAL

CO., LTD.) were scattered, and the substrates were adhered

to each other. Similarly, resist films for color filters

were formed on two glass substrates, the ultraviolet ray

curing resin was coated on the resist film, the spacers were

scattered between the substrates, and the substrates are

adhered to each other. Also, the resist film for the color

filter was formed on the glass substrate in a stripe shape,

the ultraviolet ray curing resin was coated so that a half

of the resin contacts with the glass substrate and the other

half thereof contacts with the resist film, the spacers were
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scattered between the substrates, and the substrates were

adhered to each other.

[0032]

The ultraviolet rays were irradiated to the above-

mentioned substrates with light quantity of 3000 mJ/cm2 to

cure the resin. Thereafter, the peeling strength was

measured using a peeling tester. As the result, in the case

of directly coating the ultraviolet ray curing resin on the

glass substrate, the peeling strength was 1.5 kgf/cm2
. In

case of coating the ultraviolet ray curing resin on the

resist film, the peeling strength was 0.7 kgf/cm2
. In case

of coating the ultraviolet ray curing resin so that a half

of the resin contacts with the glass substrate and the other

half thereof contacts with the resist film, the peeling

strength was 1.2 kgf/cm2
.

[0033]

Fig. 8 illustrates a relationship between an

overlapping ratio of a sealing material and a filter and

peeling strength. In Fig. 8, a horizontal axis represents

the overlapping ratio of the sealing material and the filter

and a vertical axis represents the peeling strength.

Generally, in the liquid crystal display device, the peeling

strength must be equal to or greater than 1.0 kgf/cm2
, in

consideration of the panel strength or moisture-proof. From

Fig. 8, if a portion that the sealing material directly



H10-221700.doc - 23 -

contacts with the glass substrate is 30%, the peeling

strength becomes 1.0 kgf/cm2
, and thus the sufficient

peeling strength can be ensured.

[0034]

(Second embodiment)

Fig. 9(a) is a cross-sectional view of a liquid crystal

display device according to a second embodiment of the

present invention, and Fig. 9(b) is an enlarged view

illustrating the vicinity of a substrate adhering part in

detail. In the present embodiment, a BM ON TFT type liquid

crystal display device in which a black matrix is formed on

a TFT substrate is applied to the present invention. Also,

in Fig. 9(a), an opposite electrode 44 and orientation films

34 and 45 are not shown.

[0035]

A TFT substrate 30 is formed by the below-mentioned

method. That is, first, a black matrix 32 is formed on a

glass substrate 31 in a predetermined pattern. Next, pixel

electrodes 33 and TFTs (not shown) are formed in pixel

region, respectively. An orientation film 34 for covering

the pixel electrode 33 and the TFTs is formed on the

substrate 31, and then the surface of the orientation film

34 is subjected to a rubbing process.

[0036]

On the other hand, a CF substrate 4 0 is formed by the



H10-221700.doc - 24 -

below-mentioned method. That is, any one of red (R) , green

(G), and blue (B) color filters 43 is formed for each pixel

region on the glass substrate 41. At this time, a band-pass

filter 43a is formed of the same material as the blue color

filter in a frame shape along the periphery of the display

region. Next, an opposite electrode 44 for covering the

display region of the substrate 41 is formed and an

orientation film 45 is formed on the opposite electrode 44.

The surface of the orientation film 45 is subjected to a

rubbing process.

[0037]

Further, the pixel electrode 33 and the opposite

electrode are formed of ITO and the color filter 43 is

formed with a thickness of about 1.0 - 2.5 pm, and the band-

pass filter 43a is formed with a thickness of about 0.6 |im.

Next, a sealing material (ultraviolet ray curing resin) is

coated along the periphery of the band-pass filter 43a of

the CF substrate 40, spacers 37. are scattered between the

TFT substrate 30 and the CF substrate 40, liquid crystal is

dropped, the substrates 30 and 40 are opposite to each other

so that the surfaces having the orientation films 34 and 45

formed thereon become the inner surfaces, and the substrates

30 and 40 are adhered to each other by the sealing material

38.

[0038]
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Thereafter, a light shielding mask 47 for covering the

display region is formed on the CF substrate 4 0 and the

ultraviolet rays are irradiated from the side of the CF

substrate 40 to cure the sealing material 38. Thereby, the

liquid crystal display device is formed. In the present

embodiment, since the black matrix 32 is formed on the TFT

substrate 30 and the band-pass filter 43a is arranged at the

inside of the periphery of the black matrix 32 , narrow

frame is accomplished and thus the dimension of the

substrate can be reduced compared with the first embodiment.

Also, since the liquid crystal is dropped when adhering the

TFT substrate 30 and the CF substrate 40 and the liquid

crystal is simultaneously filled between the substrates when

adhering the TFT substrate 30 and the CF substrate 40, the

manufacturing time is remarkably shortened compared with the

first embodiment.

[0039]

Hereinafter, the result of forming the liquid crystal

display device according to the second embodiment and

measuring deviation of the cell thickness, ion density, and

remaining DC voltage of the display region will be described.

The deterioration of the liquid crystal display device is

related to the ion density and the remaining DC voltage.

That is, if the ion density or the remaining DC voltage is

high, the liquid crystal display device is apt to be
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deteriorated. As the panel of the present embodiment, the

BM ON TFT type liquid crystal display device was formed by

the above-mentioned method. As the liquid crystal filled in

the panel, standard liquid crystal ZL1-4792 (Merck) was used.

Also, the diameter of the spacer mixed to the sealing

material was as small as the film thickness of the blue

color filter. Further, the width of the outer periphery

(frame part) of the black matrix is 4.5 mm, the width of the

band-pass filter 43a is 3 mm, and the distance from the

outer periphery of the band-pass filter 43a to the outer

periphery of the band-pass filter 43a is 0.5 mm.

[0040]

Further, as a conventional example, the same liquid

crystal device as the present embodiment was formed except

that the band-pass filter is not formed. With respect to

the liquid crystal display devices according to the

embodiment and the conventional example, the deviation of

the cell thickness, the ion density, and the remaining DC

voltage were examined. The results are shown in Table 1.

Here, the deviation of the cell thickness was evaluated by

measuring the cell thickness from the end of the sealing

material to the location of 3.5 mm (the end of the display

region) and the thickness of the center of the display

region and obtaining the difference therebetween. Also, the

ion density was measured by applying a chopping-wave voltage
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having a crest value of 10 V and a frequency of 0.05 Hz

across the electrode at a temperature of 50 °C. The

remaining DC voltage was measured by applying a rectangular-

wave voltage having a crest value of 2.0 V, a frequency of

30 Hz, an offset voltage of 4 V across the electrode at a

temperature of 50 °C for about 10 minutes.

[0041]

Table 1

Deviation of

cell

thickness

Ion density Remaining DC

Embodiment (having

band-pass filter)

±0.1 n 98 pC/cm2 0.12 V

Conventional

example (having

no band-pass

filter

±0.1 ii 64 4 pC/cm2 0.33 V

[0042]

As can be seen from Table 1, in the both liquid crystal

display devices according to the embodiment and the

conventional example, the deviation of the cell thickness is

±0.1 jjm. Also, in the liquid crystal display device

according to the embodiment, the ion density is 1/6 ~ 1/7 of

that of the conventional example and the remaining DC
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voltage is about 1/3 of the conventional example. As can be

seen from this, in the liquid crystal display device of the

embodiment, the deterioration of the liquid crystal and the

orientation film due to the ultraviolet rays is reduced

compared with the conventional example.

[0043]

As mentioned above, according to the present invention,

since a band-pass filter is formed on the outside of a

display region of one transparent substrate, two substrates

are adhered to each other by the sealing material so that

the surface having the band-pass filter formed thereon

becomes the inner surface, a light shielding mask is formed

on the outside of one substrate, and ultraviolet rays are

irradiated to cure the sealing material. Thereby, the

ultraviolet rays having a short wavelength returned from the

end of the light shielding mask is cut by the band-pass

filter, the light deterioration of the liquid crystal and

the orientation film can be suppressed to a minimum, and the

liquid crystal display device without sintering or irregular

display can be manufactured.

[0044]

[Advantages]

Further, by forming the band-pass filter using the same

material as the blue color filter, the increment of the

process number can be avoided. By applying the present
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invention to a BM ON TFT type liquid crystal display device,

the dimension of the display region can be reduced. By

filling the liquid crystal between the substrates by a

dropping injection method, the manufacturing time is

remarkably shortened.

[Brief Description of the Drawings]

[Fig. 1]

Fig. 1(a) is a cross-sectional view illustrating a

method of manufacturing a liquid crystal display device

according to a first embodiment of the present invention,

and Fig. 1(b) is an enlarged view illustrating the vicinity

of a substrate adhering part in detail.

[Fig. 2]

Fig. 2 illustrates a bright-line spectrum of a mercury

short arc lamp.

[Fig. 3]

Fig. 3 illustrates light transmission characteristics

of only a glass substrate.

[Fig. 4]

Fig. 4 illustrates light transmission characteristics

of a glass substrate having an ITO film.

[Fig. 5]

Fig. 5 illustrates light transmission characteristics

of a blue color filter.

[Fig. 6]
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Fig. 6 illustrates a relationship between exposure

quantity of ultraviolet rays and the film thickness of the

band-pass filter.

[Fig. 7]

Fig. 7 illustrates a relationship between a film

thickness of the band-pass filter and the light transmission.

[Fig. 8]

Fig. 8 illustrates a relationship between an

overlapping ratio of a sealing material and a filter and

peeling strength.

[Fig. 9]

Fig. 9(a) is a cross-sectional view of a liquid crystal

display device according to a second embodiment of the

present invention, and Fig. 9(b) is an enlarged view

illustrating the vicinity of a substrate adhering part in

detail

.

[Fig. 10]

Fig. 10(a) is a cross-sectional view of a conventional

liquid crystal display device, and Fig. 10(b) is an enlarged

view illustrating the vicinity of a substrate adhering part

in detail.

[Fig. 11]

Fig. 11 illustrates a conventional problem.

[Reference Numerals]

10, 30, 50: TFT substrate
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11 21 31 ,JX, OX. yidbb SUDSLldie

12

13, 25, 34 4 S S 4 S • nri onf at* i r\n -Film

17, 37

.

57

:

o a i_c x.

18, 38, 58

:

sealing material

20, 40, 60: CF substrate

22, 32, 62: black matrix

23, 43, 63: color filter

24, 44, 64: opposite electrode

27, 47, 67: light shielding mask

23a, 43a: band-pass filter
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